Abstract. Observations of the vertical gradients of wind and temperature over the sea are presented. They indicate a drag coefficient for neutral stability increasing but slightly up to wind speeds of 14 m/sec. The mean value for the open sea is found to be approximately 0.0012 (for 10-meter reference height), but the number of observations on which this is based is much smaller than for the enclosed waters of Port Phillip. Analysis of the effects of stability on the wind gradient in terms of similarity theory gives some evidence that the concepts developed as a result of work over land surfaces may be applied successfully to conditions over the sea. The constant a in the 'log -]-linear' formulation for near-neutral profiles is found to have a value of around 3.5, a value similar to that found from some series of observations over land surfaces.
INTRODUCTION
TO obtain suf½iently accurate observations of wind profiles over the sea for the drag of the wind on the water to be deduced is no easy task. However, an earlier study IDeacon, Shep• pard, and Webb, 1956] showed that anemometers mounted with as good exposure as possible on a small ship gave promising results.
The observations here discussed were obtained on two subsequent series of trials with the same schooner, the Derwent Hunter of the C.S.I.R.O Division of Fisheries and Oceanography. The greater body of data thus obtained makes it possible to study the effect of vertical temperature gradients on the wind profiles, a study that could not be attempted in the earlier work. Not only is this of interest in paving the way toward a better knowledge of the variation of drag coefficients with stability, but also, by comparison with results over land, some light is thrown on the extent to which we are justified in applying relationships derived for solid surfaces to the flow over water disturbed by waves.
• Based on a paper presented at the International Symposium on Fundamental Problems in Turbulence and Their Relation to Geophysics sponsored by the International Union of Geodesy and Geophysics and the International Union of Theoretical and Applied Mechanics, held September 4-9, 1961, in Marseilles, France.
OBSERVATIONAL METHOD
We concentrated effort on obtaining as accurately as possible the wind speed difference between two heights, 13 and 4 meters. These were chosen as high enough to avoid as far as possible uncertainties associated with conditions close above the wave tops. Accordingly two anemometers were mounted at 13 meters on the foremast crosstrees and two (often three) anemometers at heights between 3 and 6.4 meters on arms extending from a mast fitted near the end of the jib boom. The anemometers were calibrated in a wind tunnel before and after each trial period and also halfway through. To reduce errors still further, they were systematically interchanged after each day's work. we should obtain points falling close to a curve which, over the near-neutral range, should approximate to a straight line of slope a•. As will be seen from equation 6, the value of a, obtained by this method is independent of the datum level from which heights are measured, as long as this is constant for a series of observations.
Example o] analysis: land data. Taylor [1960] has shown that the range of stability over which the log + linear law is a valid approximation is quite small. We therefore need a series of observations that fall mainly in or Examination of the points in these graphs shows no tendency for them to separate themselves in any systematic fashion depending on wind speed.
The intercept at neutral stability in Figure 5 is some 50 per cent smaller than is consistent with the complete neutral-wind profile. This is caused by systematic errors in the wind speeds, as discussed by Fleagle, Deardorff, and Badgley. However, using wind speeds at well separated levels, the value of a• so derived is rather insensitive to such systematic errors.
In the Derwent Hunter trials wind speeds close to the water surface were not observed, and the evaluation of a• from the 13-to 4-meter wind and temperature differences is rather more servations (as illustrated in Fig. 1, B and C) were employed; for the lowest wind-speed range, the tangent to the curve at neutral stability. The mean .a• of 3.3 is in reasonably good agreement with that of 3.7 obtained from the data of Fleagle, Deardorff, and Badgley.
The similarity between the values of a• over land and sea is reassuring. It gives some reason to suppose that the concepts developed as a result of work over the land may apply quite well to conditions over the sea.
